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ABSTRAC'l1 
Because most early taxonomic works appear to have been 
based on herbarium spe cimens alone with little or no fi eld 
work and because later researc h did not dea l with the 
systemat i c analysis of the Abronia yil~~-~~ complex s pecific ­
ally, a detailed study of the two variet ies is present ed 
here. 
This study is a compar at ive systematic analysis of the 
two varieties A. villosa var. villo s a and A. v i l l osa var . 
aurita. In an attempt to identify ecotypes or bet t er 
define variet y limits by dete_rmining the distrib ut ion of 
character variability , in depth comparisons of mi cro­
and megamorpholog ical c haracteristics and ecolog ical 
habitats of the different populations were undert aken . 
Field collections were made during the spring and sw11­
mer of 1975 and 1976. Samples were taken from populat ions 
of ~bronia villosa occurring in thP. Mojave and Colorado 
Deaerts, Coachella Valley and the San Jacinto Mountains 
into the Hemet Valley. 
Although the non-desert populations were not shown to 
be intrinsically reproductively isolated from desert pop­
ulations, they are reproductively isolated as a result of 
. geographic barriers and are somewhat morphologically 
distinct. Non-desert and desert populations should be 
considered to be at least disjunct geographic r aces and 
at most allopatric semi-species of the A. villosa complex. 
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Abronia villo~a Wats. of the Nyctaginaceae is one of 
nine species of Abr~ni~ reported from California. This 
species is primarily rsstricted to the desert regions of 
southern California, southern Nevada, Arizona and northern 
Baja California. Two varieties are accepted: A. villosa 
Wats. var. villosa from the central and eastern region of 
the species range, and ~ villosa var. · aurita (Abrams) Jeps. 
from the far western non-desert edge of the range. 
Abronia villosa is a many-branched procumbent annual. 
The leaves are opposite and unequal in size alternating 
along the stem. Leaves are fleshy, petioled and unequal at 
the base. Flowers are connate, purple and numerous on a 
head inflorescence which is subtended by five bracts. The 
inflorescence is terminal on a peduncle which extends 
upward at the node. The base of the perianth develops into 
an anthocarp which envelops the fruit. The fruit is 
generally called the seed in taxonomic keys. 
Abronia villosa was first described by Watson (1893) 
from specimens collected in Wheeler,Arizona. Abrams (1905) 
described two new species of Abronia from herbariurn mounts, 
possibly described previously as ~ villosa. The new 
species were ~ aurita Abrams, described from material 
collected in Palm Springs in 1896, and ~ pinetorum Abrams, 
described from specimens collected in Thomas Valley (San 
2 

Jacinto Mts.) , in 1901. Jepson ( 1922), seeing no differences 
between the two species, combined and reduced them to a 
variety of ~ villosa, ~..!.. vi!)o~~ var. aurita (Abrams) Jeps. 
Aside from the initial descriptions of ~~ villosa no 
detailed taxonomic consideration has been g iven to fl.:_ 
villosa other than in monographs of the family as a whole 
(Heimerl, 1934; Jones, 1902; Rydberg, 1902; and Standley, 
1909). The first systematic study within the genus was not 
done until 1959 when Tillet (1959 and 1967) considered intro­
gressive hybridization among thre e maritime species, A. 
maritima Nutt. ex Wats., ~ latifolia Eschs. and A. 
umbellata Lam. 
Went (1948) studied germination of desert plants 
in which ~ villosa was included; Wilson (1970, 1972, 
1974 and 1975) studied distribution, ecology and anthocarp 
anatomy of the nine Abronia species of California. These, 
however, were not taxonomic studies. Galloway (1975) 
published a study entitled nsystematics of the North 
American desert species of Abronia and Tripterocalyx_" 
that included A. villosa. Yet, his major consideration was 
evidenc~ justifying the separation of Abronia and Triptero­
calyx (Torr.) Hook. 
The current accepted classification of the species and 
its variety is based primarily on the descriptions by 
Watson (1893), Abrams (1905) and Jepson (1922). Their 
descriptions were only slightly modified as new floras 
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involving California plants were published, (e.g., Abrams, 
1944, Munz and Keck , 1959; and Munz, 1974). Abrams (1905) 
gave no justification f or designating two new species from 
materials he studied. Likewise , Jepson (1922) gave no 
justification for combining them and reduc i n g them to the 
rank of variety. Because most early taxonomic works appear 
to have been based on sing le or few herbarium specimens 
alone with little or no systematic field work and because 
later research did not deal with the systematic analysis of 
the A. villosa complex specifically, a detailed morpho­
logical study of the two varieties is presented here. 
This .study is a comparative systematic analysis of the 
two varieties A. villosa var. villosa and A. villosa var. 
aurita. In an attempt to identify ecotypes or better 
define variety limits by determining the distribution of 
character variability, in depth comparisons of micro­
morphological and megamorphological characteristics and 
ecological habitats of the different populations were 
undertaken. 
METHOD AND MATERIALS 
Field collections were made during the spring and 
summer of 1975 and 1976 . Five to 30 plant s of Abron ia 
villosa were studied in each of 19 samp led popul'ations 
from the Moj ave and Colorado Deserts , Coache lla and 
Hemet Valleys and the San Jacinto Hou.n tains (Fig . 1). 
Because p opulations lo cated in the southern region of the 
species range were s carc e during t he spring of 1975 , 
materials preserved in FAA by Dr. Ruth Wi l son during the 
spring of 1968 were used to represent these s outhern 
·populations. 
In order to maintain a uni form collect ing procedure 
for the species, only the longes t s tem faci ng a westward 
direction was collected from each plant sampled. Each 
sample stem contained floral buds, developing and mature 
flowers, and mature anthocarps. Segments of the sample 
stem were pickled in FAA. Anthocarps from each segment 
were placed in separate numbe r ed containers. The remaining 
stem segments were preserved as specimens. 
Four major aspects were considered: (1) floral and 
vegetative .characteristics, ( 2) pollen exine structural 
patterns, (3) identification of chr6mosome numbers, and 
(4) seed and pollen viability. 
Floral measurements included perianth length, breadth 
of perianth limbs and the distance from the center of the 
flower to the apex of the longest perianth limb of both 
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Fig. 1. Map of sample sites for populations of 
Abronia villosa studied in southern California and Arizona. 
1. Adelanto. 2. Anza Borrego. 3. Baker. 4. Coyote Wells. 
5. Desert Center. 6. Garner Valley. 7. Hemet. 
8. Holtville. 9. Lucerne Valley. 10. Mecca. 11. Morongo 
Valley. 12. Ocotillo Wells. 13. Palm Springs. 14. San 
Jacinto River. 15. Thousand Palms. 16. Topock. 
17. Westside Canal. 18.West Shore Salton Sea. 19. Yucca 
Valley. 
\ ---Mts. \ 
®®
'=' - .....@@-)@ \ © 
7f©~ @' 

< > \) 
· \ (@@ 
\ Mts. -;, @ 
J \©@ © 
·-----·-···-·-.. --Oii'·---­' l 
7 
inner and out.er flowers of each inflorescence, number of 
flowers per heaa inflorescence, wi dth and l e n gth of bracts, 
and leng th of peduncles . 
Leaf blade length, width (at widest point) and petiole 
leng th were measured for large and small leaf pairs at both 
the third and fourt h nodes from the g rowing tip. Internode 
length between the t h ird and fourth nodes a nd distance from 
the third node to the stem a pex were also measured. 
Anthocarp measurements included length of body, length 
of wing attachment to the body, wing width and wing ex­
tension above t h e point of attachment. A numerical rating 
was used to indicate the relative amount of anthocarp body 
and wing pitting as well as the degree and distribution of 
trichomes on anthocarp exteriors. A zero rating indicated 
no pitting or trichomes lacking: A two was given for each 
of the following as they occur, slight pitting (rugose), 
generally few trichomes or trichomes at apex of anthocarp 
body only; a four was g iven for moderate pitting, numerous 
trichomes or trichomes occurring to mid body; and a six was 
given for heavy pitting, trichomes dense or trichomes cover­
ing total anthocarp body. The numbers were averaged and the 
mean values used to compare the pitting and trichomes of 
anthocarps from different populations. 
Pollen grain size was determined from measurements 
taken with a calibrated micrometer. The AMR 1000 scanning 
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electron microscope (SEM) was used to observe and compare 
pollen exine patt e rns. S.E. M. photomicrographs were taken 
of representative pollen clusters at 500 power, and of 
sing le pollen grains at 2000 power, 
Pollen mounts for the S.E. M. were prepared by the 
following steps: (1) intact anther sacs were extracted 
from flowers pickled just prior to anthesis, (2) intact 
anther sacs were del1ydrated in an ethanol series starting 
at 50% ethanol in water, (3) intact anther sacs, placed 
in envelopes made of filter paper, were dried in a critical 
point drier (Omar Spec-900/EX) using carbon dioxide, 
(4) dried anther sacs were broken on adhesive covered 
S.E.M specimen mounts and the pollen grains spread out, and 
(5) the mounted specimens were gold-palladium coated using 
a high vacuum evaporator (Kinney SC-3). 
Seedling root tip squashes were prepared, observed 
and photographed using phase contrast microscopy. Seeds 
fo~ the squashes were placed in petri dishes between 
10:00 and 12:00 A. M., and seedling root tips were col­
lected two to four days after germination and fixed between 
9:30 and 11:30 A.M. Seedlings were fixed in a 3:1, 100% 
ethanol and 35% acetic solution. The preparation of 
chromosome squashes was modified after Beeks (1955). 
Modifications included: (1) placing root tips in an 
HCl-acetocarrnine mixture for 25 minutes, (2) tapping the 
9 
cover slip repeatedly with a flat-tipped wooden tool and 
(3) using paraffin as a sealing medium. 

Viability studies included: (1) pollen viability, (2) 

number of anthocarps containing mature seeds and (3) 

percent seed ge r mination . 

Pollen g r ains - were fixed and stained in lactophenol 
cotton blue to determine pollen viability analysis. Clear 
finge rnail polish was used to seal cover slips. Up to 
500 pollen grains per slide w~re counted. Viable and 
non-viable pollen were recorded separately. 
About twenty-nine seeds, from each major population 
• 	area, were extracted from their anthocarps and placed on 
moistened filter paper in petri dishes. The petri dishes 
were placed in a cardboard container so that no light 
could enter. Seeds underwent a 24 hour cold treatment, 
in a refrigerator , at 11°C to help break seed dormancy. 
The enclosed specimens were then placed for 31 days in a 
heated, lighted chamber maintained at about 24°c. 
Germination was checked daily. 
Seed germination and seedling survival rates were 
tested in the greenhouse by germinating twenty seeds per 
population, ten seeds per pot, from representative desert 
and non-desert populations. Soil samples collected from 
the different population areas were autoclaved, mixed to­
gether and placed in pots. Seeds were extracted from the 
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anthocarps and planted in the soil. 
Soil samples were collected from nine representative 
sample areas and s t udied for soil composition, pH and 
nitrate concentration. A binocular dissection scope was 
used to identify individual minerals in the soil. A 
LaMotte, Soil Testkit was used to measure pH levels and 
nitrate concentration. 
Voucher specimens were placed in the Herbarium of 
California State College at San Bernardino. These speci­
mens represent major Abronia population centers and were 
from the following collection sites, Coachella Valley 
(#21, Thousand Palms Canyon Rd., Thousand Palms, Riverside 
County; #31, Garfield St., two miles east of Mecca, 
Riverside County; #42, Hwy . 86, 5 miles north of Salton 
City, Imperial County; #55, Hwy.111, Palm Springs, 
Riverside County), Anza Bcirrego Desert (#53, Hwy. S-22, 
on Clark Dry Lake 5 miles east of Borrego Springs ·, San 
Di~go County), Colorado Desert (#81, off Hwy. 78 three 
miles west of Ocotillo Wells, San Diego County), Mojave 
Desert(#l43, Razor Rd . and Hwy. 5, 12 miles west of Baker, 
San Bernardino County; #127, Hwy. 18, Lucerne Valley, San 
Bernardino County; #115, Hwy. 62, Yucca Valley, Riverside 
County; #9Li, El Mirage Ave. 15 miles north of Adelanto, San 
Bernardino County), San Jacinto Mountains (#193, Hwy . 79, 
half mile from Hemet Lake, Garner Valley, Riverside County) 
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and Hemet(#l71, Florida Blvd. two miles north of Hemet, 
Riverside County). 
Voucher specimens for the materials collected b y Dr. 
Ruth Wilson in 1968 have been placed in the Rancho Santa 
Ana Botanic Garden Herbarium (Wils on, 19 72). These 
specimens represented populat i on s from the Colorado Desert 
(Hwy. 80, Coyote Wells' · San Diego County; Holtville, 
Imperial County and Topock, Mojave County, Arizona) and 
Mojave Desert (12 miles nort~ of Desert Center, Riverside 
County). 
Statistical evaluations included the use of means, 
' standard deviations and tests. 
The following ratios w~re calculated for floral 
comparisons; (1) mean perianth lengths of outer flowers/ 
mean perianth lengths of the inner flowers per head in­
florescence, (2) mean breadth of perianth limbs of outer 
flower/mean longest limb segment, (3) mean perianth length 
of outer flowers/mean bract length , (4) mean peduncle 
length/mean bract width. The following ratios were cal­
culated for vegetative comparisons; (1) mean leaf blade 
length/mean leaf width for each of the large and small 
leaves at the third and fourth nodes, (2) mean leaf blade 
length/mean petiole length of the corresponding leaf for 
each of the large and small leaves at the third and fourth 
nodes, (3) mean distance from third node to stem apex/mean 
12 
small leaf blade length at third node plus the mean 
distance from third node to stem apex/mean large leaf 
blade length at third node to give the leaf size relative 
to position on the stem, and (4) mean distance between 
third and fourth nodes/mean small leaf blade length at 
fourth node plus the mean distance between third and 
fourth node/mean large leaf blade length at fourth node 
to determine leaf size relative to position on stem. 
RESULTS 
Floral measurements revealed that perianth lengths 
of the outer whorl of flowers in the head, in all 
populations sampled, were consistently 1.2 times longer 
than the perianth lengths of flowers from inner whorls 
(Tables 1 and 2). Because -Of these length differences all 
floral comparisons were made using the perianth length of 
outer flowers. Perianth lengths varied considerably 
across the species range with the smallest mean length 
of 9mm recorded from Topock, Arizona, and the greatest 
mean length of 23mm from Garner Valley, California 
(Table 1). Perianth lengths with a mean value of less 
than 12mm were found in the eastern and southern popu­
lations, and lengths from 13 to 17mm were observed in the 
more central populations along the base of the eastern 
~lope of the San Bernardino Mountains and Coachella 
Valley to Anza Borrego. Mean per~anth lengths over 19mm 
occurred in the Hemet and Garner Valley populations. 
Perianth length generally increased across the species 
range from east to west and south to north (Fig. 2). 
Peria.nth limbs range from an average of 7 to 16mm 
broad (Table 1) with the broadest limbs generally found 
on flowers in non-desert populations. Measurements of 
individual perianth limb segments (Table 1) showed the 
outward facing segment, from the outer whorl of flowers 
TABLE 1. Values of different floral traits from field populations of the Abronia villosa complex from southern California and 
Arizona. 
Population Perianth length Breadth of limbs Longest limb Bracts Number of Peduncle 
location (mm.) (mm.) (mm.) (mm.) £lowers length 
per head (nm.) 
Outer Inner Outer Inner Outer Inner Width Length inflores­
flowers flowers flowers flowers flowers flowers cence 
n X SD n X SD n X SD n X SD n X SD n X SD n X SD n ·X SD n X SD . n X SD ~~~~~~~~---........;~~--------------_..;.;--........;;,.-;;_-..;;.;....,_..;;,;...~..;;;..;;;~--._,;;;~-=---~.-..-;.;---=--~---"------~----=-~---~-=-
West Shore 
Salton Sea 7 14 0.6 8 12 1.6 8 10.0 1.4 7 9.0 1.6 8 5.0 0.7 7 4.5 1.2 15 2.0 .4 16 7.5 1.3 8 16 1.3 8 23 8.5 
Anza Borrego 31 13 1.4 31 11 1.1 31 12.0 2.0 28 10.5 2.3 31 6.5 1.1 28 5.5 1.3 41 2.5 .5 44 8.0 1.5 31 16 2.8 23 32 12.2 
Ocotillo Wells 8 15 0.9 8 12 1.0 8 11.0 0.5 7 9.0 0.8 8 6.0 0.5 7 5.0 0.4 7 2.0 .1 7 9.0 0.4 8 15 1.2 4 19 2.1 
Palm Springs 17 13 1.0 17 11 1.3 17 11.0 0.9 17 9.0 1.0 17 6.0 0.7 17 5.0 0.7 24 2.0 .3 24 7.0 1.5 17 15 1.7 12 29 6.7 
Thousand Palms 13 14 2.4 13 12 1.9 12 11.5 1.0 11 9.5 1.2 12 6.0 0.7 11 5.0 0.5 24 2.0 .4 24 8.5 1.2 13 17 1.5 14 27 12.0 
Mecca 11 13 0.9 11 11 0.9 9 10.0 1.5 9 8.0 1.3 9 5.0 1.0 9 4.0 0.9 23 2.0 .3 23 6.0 0.7 11 17 4.4 11 20 6.2 
Morongo Valley 8 17 1.7 8 14 2.0 8 14.0 2.0 8 12.0 1.3 8 7.5 0.9 8 6.0 0.9 9 2.0 .2 9 9.0 1.3 8 14 5.4 5 41 10.8 
Yucca Valley 8 13 2.1 8 11 1.6 8 11.5 1.8 8 9.0 1.1 8 6.0 0.9 8 4 . 5 0.5 16 2.5 .5 16 8.0 1.5 8 17 3.4 8 52 16.8 
Lucerne Valley 14 15 1.2 13 12 1.2 13 13.0 1.5 13 10.0 1.1 13 7.0 1.0 13 6.0 1.4 14 2.0 .3 14 7.5 1.0. 13 18 3.2 7 44 9.0 
Adelanto 24 12 1.7 24 9. 1.4 22 10.0 1.2 20 9.cr 1.0 22 5.5 i.o 20 4.5 o.6 25 2.0 .3 25 ·8.5 1.3 24 18 3.3 14 24 5.6 
Baker 33 12 1.7 32 10 1.4 32 9.5 1.2 29 · 8.0 0.9 32 8.0 0.7 29 5.0 0.5 32 1.5 .4 30 6.0 1.4 33 18 3.0 16 13 4.4 
TABLE 1. continued 
Population n x SD n x SD n x SD n x SD n x SD n x SD n x SD n x SD n x SD n x SD 
Topock 13 9 1.8 13 8 1.3 13 9.0 1.2 12 8.0 1.6 13 5.0 1.0 13 4.5 0.8 30 2.0 .3 30 6.0 0.7 13 15 1.9 12 28 7.7 
Des.ert Center 10 10 1.5 10 9 0.9 10 8.5 1.1 9 7.0 0.9 10 5.0 0.6 9 4.0 0.5 19 2.0 .2 19 7.0 1.1 10 17 2.4 7 34 5.2 
Holtville 8 11 1.1 7 8 1.0 8 7.0 1.2 5 6.5 0.9 8 3.5 0.6 6 3.0 0.5 14 2.0 .4 14 7.5 0.5 8 16 3.1 7 27 6.1 
Westside Canal 6 11 1.2 5 8 0.9 6 8.0 0.6 5 7.0 0.7 6 4.5 0.5 5 5.5 0.4 11 3.0 .7 11 7.5 1.6 6 17 3.3 6 33 11.8 
Coyote We11 s 5 11 2.7 5 10 1.9 5 9.0 2.7 5 8.0 2.4 5 4.5 1.4 5 4.0 1.3 10 2.0 .4 10 7.0 1.1 5 19 2.0 5 29 10.9 
Hemet (Robust) 6 22 2.9 6 18 1.3 6 17.0 4.2 5 13.5 2.9 6 9.0 2.1 5 7.5 2.0 6 3.0 .6 6 8.5 2.7 5 24 3.1 6 97 4 7. 5 
Hemet 
(Non-robust) 5 22 2.3 5 18 1. 9 5 16.5 2.1 5 14.0 1.8 5 9.0 1.1 5 7.5 0.9 10 2.5 .5 10 8.5 1.5 5 14 2.5 5 57 11.0 
San Jacinto 
River (Robust) 6 20 0.8 6 16 1.0 6 17.0 1.7 5 14. 5 1. 7 6 9.0 1.0 5 8.0 1.2 6 3.0 .9 6 9.0 0.9 5 23 2.8 •6 90 18.2 
San Jacinto 
River 
(Non-robust) · 6 20 1.5 6 16 2.1 6 17.0 2.4 6 13.0 1.8 6 9.0 1. 7 6 7.5 1.2 12 3.0 .3 12 9.0 1.1 5 19 1.8 6 63 9.6 
Garner ValleI 8 23 1.8 8 20 1.5 7 16.0 2.3 8 15.0 1.8 7 9.0 1.4 8 8.0 1.2 8 2.5 .4 8 -8.0 1.2 8 15 2.3 8 101 37.3 
TABLE 2. Ratios of different floral traits from field populations of the Abronia villosa complex from 
southern California and Arizona. 
Population 
location 
Outer 
aperianth 
Inner 
perianth 
Outer facing 
limb segment8 
Inner facing 
limb segment 
Peduncle8 
Perianth 
Bract 
lengtha 
Bract 
width 
Outer 
perianth8 
Bract 
length 
West Shore Salton Sea 1.2 1.0 1.6 3.8 1.9 
Anza Borrego 1.2 1.0 2.5 3.0 1.6 
Ocotillo Wells 1.2 1.2 1.3 4.5 1. 7 
Palm Springs 1.2 1.2 2.2 3.5 1.9 
Thousand Palms 1.2 1.2 1.9 4.0 1.6 
Mecca 1.2 1.0 1.5 3.0 2.2 
Morongo Valley 1.2 1.3 2.4 4.5 1.9 
Yucca Valley 1.2 1.2 4.0 3.2 1.6 
Lucerne Valley 1.2 1.2 3.4 3.6 2.0 
Adelanto 1.3 1.0 2.0 4.0 1.5 
Baker 1.2 1.0 1.1 4.0 2.0 
Topock 1.1 1.3 3.0 3.0 1.5 
...... 
"' 
TABLE 2. continued 
Desert Center 
Holtville 
Westside Canal 
Coyote Wells 
Hemet (Robust) 
Hemet (Non-robust) 
San Jacinto River (Robust) 
San Jacinto River (Non-robust) 
Garner Valley 
1.1 
1.4 
1.4 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1. 7 
1.3 
1.1 
1.1 
1.1 
1.1 
1.3 
3.4 
2.5 
3.0 
2.6 
4.4 
2.6 
4.5 
3.3 
4.4 
3.5 1.4 
3.8 1.5 
2.5 1.5 
3.5 1.6 
2.8 2.6 
3.4 2.6 
3.0 2.2 
3.0 2.1 
3.0 2.9 
a. All calculations based on values from Table 1. 
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Fig. 2. Comparative distribution of mean perianth 
lengths and mean peduncle lengths ' for nineteen populations 
of the Abronia villosa complex from .southern California and 
Arizona. Size groups are based on values in Table 1. 
Perianth lengths: 
open, 9-12mm; lined, 13-17mm; solid, 20-23mm. 
Peduncle lengths: 
open, 13-35mm; lined, 41-63mm; solid, 90-lOlmm. 
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in each inflorescence, to be longer than t~e side and 
inner facing segments in all but five populations. The 
outward limb segments tend to be the most pronounced in 
the most eastern and southern populations and least pro­
nounced in populations of th.e Coachella Valley (Table 2). 
Involucral bract lengths ranged from 2.5 to 4.5 times 
their width (Table 2). Plants from the Hemet and Garner 
Valleys had slightly wider bracts than those found in 
other populations sampled. Bract length tended to be 
shortest along the eastern and southern range of the 
species (Table 1). Bracts were considerably longer than 
wide in plants that occurred in the centralmost popula­
tions along the base of the eastern slope of the San 
Bernardino Mountains and in the Coachella Valley 
(Table 2). Bracts tended to be longest relative to 
perianth length on plants fro~ the eastern and southern 
desert populations and shortest relative to perianth 
length in the non-desert populations (Table 2; Fig. 3). 
Mean peduncle length varied tremendously among 
populations ranging from 13mm to lOlmm (Table 1). The 
average peduncle length found in the plants of the Hemet 
and Garner Valleys, the non-desert populations, was much 
greater than the average peduncle length found in the 
desert populations (Fig. 2). Among the desert popula­
tions, plants found along the base of the eastern slope 
21 
Fig. 3. Comparative distribution of mean peduncle 
length/mean perianth length and mean perianth length/mean 
bract length ratios for nineteen populations of the Abronia 
villosa complex from southern California and Arizona. 
Size groups are based on ratios from Table 2. 
Mean peduncle length/mean perianth length: 

ope~, 1.1-2.2; lined, 2.4-3.4; solid, 4.0-4.5. 

Mean perianth length/mean bract length: 

open, 1.4-1.6; lined, 1.7-2.0; solid, 2.1-2.9 
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of the San Bernardino Mountains exhi bited the longest 
peduncles. Plants from the Coachella Valley to Anza 
Borrego had the longest perianths relative to their 
peduncle lengths (Table 2; Fig. 3). The non-desert 
plants of the Hemet and Garner Valleys had the shortest 
perianths relative to peduncle length . 
Observations of specimens grown in the California 
State College of San Bernardino greenhouse suggest that 
two growth forms occur in the Hemet and Garner Valleys. 
Further field studies confirmed these findings. Peduncle 
lengths of the more robust forms averaged up to 40mm 
longer than those of non-robust forms (Table 1). 
Perianth length relative ~o peduncle length also varied 
considerably between the two forms (Table 2). 
Floral sizes varied somewhat between the individual 
populations sampled. However., non-desert plants were 
found to be significantly larger than desert plants in all 
floral characteristics considered (Table 3). 
Leaf blade length and width varied considerably among 
the populations studied (Tables 4 and 5). Plants with the 
largest leaves were found in the non-desert populations of 
the Hemet and Garner Valleys (Tables 6 and 7, Fig. 4). In 
the Hemet Valley where two growth forms were distinguished, 
leaf blade size differences between these forms vary as 
much as or more than one centimeter in length and width 
TABLE 3. Statistics of desert and non-desert floral traits of the Abronia villosa complex from southern California and Arizona. 
Habit Perianth length Breadth of 1imbs Longest limb Bracts NlDllber of Peduncle 
and 
habitat 
{mm.} {nnn •l segment {mm.} (mn.} flowers per 
head inflo­
length 
{mm.) 
group Outer Inner Outer Inner Outer Inner Width Length rescence 
flowers flowers flowers flowers flowers flowers 
n x SD n x SD n x SD n · x · SD n x SD n x SD n x SD n x SD n x SD n x SD 
Desert 216 12.5 2.3 213 10.5 1.9 210 10.4 2.1 193 8.9 1.8 210 5.7 1.2 195 4.7 1.0 314 2.1 .5 _316 7.4 1.6 216 16.8 3.1 159 28 12.3 
Non-desert 31 21.1 2.2 31 17.7 2.1 31 16.7 2.5 28 14.1 2.0 31 8.8 1.3 26 7.5 1.4 36 2.7 .5 36 8.7 l.5 28 18.6 4.7 31 84 33.3 
Robust 20 21.5 2 . 1 20 18.2 2.0 20 16.6 2.8 17 14.5 2.1 20 8.9 1.5 15 7.6 1.5 20 2.7 .7 20 8.6 1.6 18 19.7 5.1 20 97 34.9 
Non-robust 11 20.3 2.2 11 16.8 2.1 11 16.7 2.2 11 13.6 1.7 11 8.9 1.4 11 7.5 1.0 16 2.8 .3 16 8.8 1 .. 2 10 16.8 3.3 11 61 10.2 
Habit and 
habitat 
comparisons 
t t t t t t t t t t 
Desert VS 19.29 19.27 15.16 13.88 13.89 12.25 4.82 7.75 2.68 16.10 
Non-desert P•<.01 P•<.Ol P•<.01 P•<.Ol P•<.Ol P•<.01 P=<.01 P=<.Ol P=<.01 P=<.. 01 
Desert VS 17 .34 
Robust P=<.Ol 
Desert VS 8.53 
Non-robust P=<.01 
Robust VS 2.69 
Non-robust P•< 01 
TABLE 4. Values of different vegetative traits at the third node from field populations of the Abronia 
villosa complex from southern California and Arizona. · 
Population Small leaf measurements Large leaf measurements 	 Distance 
location ~mm. 2 ~mm.2 	 between stem 
apex and 
third node 
Width Length Petiole Width Length Petiole (nnn.) 
n X' SD n x SD n X' SD n x SD n x SD n x SD n x SD 
West Shore Salton Sea 5 7 2.9 6 9 4.1 6 5 2.5 7 10 4.4 7 17 5.8 7 11 3.7 7 40 33.3 
Anza Borrego 
Ocotillo Wells· 
} a 
21 8 3.3 21 10 3.1 20 6 4.0 22 11 5.1 22 19 6.2 22 13 6.4 25 40 2.5 
Palm Springs 6 6 1.7 6 8 2.5 6 4 0.7 6 7 3.0 6 13 6.5 6 7 1. 7 6 45 14.2 
Thousand Palms 
Mecca 
y 15 8 3.7 15 10 3.9 15 6 2.1 12 12 3.4 11 17 6.2 14 i2 s.a .16 55 27.9 
Yucca Valley 7 7 2.1 7 10 2.5 7 5 1. 7 8 11 3.8 8 18 5.9 8 11 5.7 8 63 39.2 
Lucerne Valley 6 9 2.0 6 11 2.0 6 7 6.5 7 14 4.1­ 7 21 4.2 7 16 6.2 7 59 23.0 
Adelanto 12 7 2.5 12 8 2.4 10 5 2.2 13 9 2.6 13 15 4.9 12 11 5.2 13 39 13.2 
Baker 16 9 3.3 16 9 3.2 15 7 4.1 14 10 4.2 15 16 5.5 16 12 7.5 17 49 30.9 
Topock 5 10 5.3 5 10 4.9 5 6 2.3 5 14 2.3 5 18 10.l 5 11 7.5 5 31 17.7 
N 
Vt 
TABLE 4. continued 
Population n x SD n x SD nx SD n x SD n x SD n x SD n x SD 
Desert Center 9 11 2.9 9 13 1. 9 9 6 2.9 7 14 2.9 6 20 2.4 7 10 4.0 8 41 14.4 
Holtville 5 8 3.8 5 10 3.7 5 5 2.6 4 12 12.7 4 20 7.0 4 11 4.4 5 25 11.4 
Westside Canal 
6 12 2.5 6 11 2.5 6 5 1.3 6 13 4.6 6 18 5.7 6 9 4.2 6 37 7.8rCoyote Wells 
Hemet (Robust) 6 15 2.3 6 15 2.9 6 3 1.2 6 19 6.5 6 25 3.7 6 6 1.3 6 17 7.0 
Hemet (Non-robust) 5 10 1.1 5 10 0.8 5 4 2.0 5 12 '1.6 5 17 1.5 5 8 1.5 5 23 5.1 
San Jacinto River 
(Robust) 6 16 3.1 6 14 2.4 6 4 1.5 6 20 2.5 6 24 4.0 6 8 2.0 6 38 16.8 
San Jacinto River 
(Non-robust) 6 9 1.6 6 9 1.4 6 3 1.0 6 12 2.4 6 15 3.0 6 6 1.5 6 16 9.0 
Garner Valley 8 19 2.9 8 17 1.0 8 5 1.9 8 24 2.9 8 30 5.1 8 12 4.9 8 22 4.2 
a. Populations were combined due to closeness of their location and small sample size. 
TABLE 5. Values of different vegetative traits at the fourth node from field populations of the Abronia 
villosa complex from southern California and Arizona. 
Population Small leaf measurements Large leaf measurements Distance 
location (mm.~ ~mm.~ between third 
and fourth 
bfidth Length Petiole Width Length Petiole nodes (mm.) 
n x· SD n X SD n X SD n X SD n X SD n X" SD n x SD 
West Shore Salton Sea 6 10 2.1 6 12 1.6 6 7 1.9 6 13 3.8 6 23 5.5 6 14 3.9 7 41 24.5 
Anza Borrego 
21 8 2.8 21 10 3.6 18 7 ·4.6 22 12 6.2 21 20 6.2 22 15 8.1 25 38 21.4rOcotillo Wells. 
Palm Springs 6 8 2.1 6 10 2.8 6 6 1.1 6 11 3.7 6 18 3.9 6 10 3.2 6 28 11.5 
Thousand Palms Ja 
8 11 3.7 8 13 3.1 9 8 2.7 7 16 5.2 8 23 7.6 10 15 5.5 13 36 14.4 
Mecca 
Yucca Valley 4 7 3.0 4 9 2.5 4 4 1.3 4 11 5.5 4 22 7.0 4 13 5.2 6 38 18.4 
Lucerne Valley 6 13 3.3 6 11 3.7 6 5 1.8 6 18 3.8 6 24 4.9 6 20 5.6 6 50 11.5 
Adelanto 11 9 4.2 11 10 6.6 10 6 5.5 7 11 2.7 7 16 1.5 7 10 2.4 11 22 8.5 
Baker 12 9 3.7 12 9 3.3 10 5 1. 7 13 11 6.5 13 17 6.4 12 13 4.4 15 35 18.6 
Topock 5 12 3.3 5 11 4.1 5 7 4.7 5 16 6.4 5 21 9.2 5 15 9.1 5 34 20.2 
Desert Center 8 15 4.8 8 16 5.1 8 8 5.1 6 19 4.1 6 27 5.2 6 17 6.8 8 46 22.3 
N 
...... 
TABLE 5. continued 
Population n X SD n X SD n X SD n X SD n X SD n X SD n X SD 
Holtville 5 10 3.1 5 12 2.7 5 7 4.4 5 15 4.4 5 26 7.4 5 15 6.7 5 28 14.4 
Westside Canal 
5 13 2.3 5 11 2.6 5 6 1.8. 4 13 4.6 4 19 3.3 4 10 3.7 6 26 6.2rCoyote Wells 
Hemet (Robust) 6 19 2.7 6 19 2.0 6 4 1.4 6 24 3.1 6 30 3.4 6 10 3.3 6 28 10.7 
Hemet (Non-robust) 5 11 2.2 5 12 1.8 5 4 0~9 5 14 2.1 5 18 2.2 5 8 1.8 5 27 9.2 
San Jacinto River 
(Robust) 6 21 2.6 6 17 3.3 6 5 1.6 6 27 4.0 6 31 3.8 6 13 3.7 6 15 6.9 
San Jacinto River 
(Non-robust) 6 12 1.3 6 12 2 . .5 6 4 0.6 6 14 1.5 6 18 3.7 6 9 1.6 6 26 12.7 
Garner Valley 8 24 5.9 8 21 4.9 8 7 3.7 8 31 9.8 8 38 9.0 8 21 2.0 8 39 11.4 
a. Populations were combined due to closeness of their location and small sample size. 
N 
00 
TABLE 6. Statistics of desert and non-desert vegetative traits at the third node of field samples from the 
Abronia villosa complex from southern California and Arizona. 
Habit and 
habitat 
group 
Small leaf measurements 
{mm.~ 
Large leaf measurements 
{mm.~ 
Distance 
between stem 
apex and 
third node 
n 
Width 
x SD 
Length 
n x SD 
Petiole 
n x SD n 
Width 
x SD 
Length 
n x SD 
Petiole 
n x SD 
(mm.) 
n x SD 
Desert 113 8.4 3.1 114 9.8 3.3 110 5.9 3.2 111 11.0 4.5 110 17.7 6.2 114 11.6 6.1 123 45.7 24.6 
Non-desert 31 12.9 4.8 31 13.2 3.6 31 4.0 1.6 31 17.9 6.1 31 22.6 6.6 31 8.1 3.8 31 18.7 6.9 
Robust 20 17.1 3.2 20 15.3 2.5 20 4.2 1.6 20 21.4 4.5 20 26.4 4.9 20 9.0 4.4 20 18.6 6.3 
Non-robust 11 9.5 1.6 11 9.3 1.4 11 3.6 1.5 11 11.6 2.0 11 15.7 2.7 11 6.5 1.8 11 19.0 8.1 
Habit and t t t t t t t 
habitat 
comEarisons 
Desert VS 6.17 4.85 3.14 6.89 3.81 3.03 5.98 
Non-desert P=<.Ol P=<.Ol P=<.Ol P=<.Ol P=<.Ol P=<.01 P=<.01 
Desert VS 11.28 7.05 2.31 9.36 5.93 1.82 4.85 
Robust P=<. 01 P=<.01 P=(.05 P=<.Ol P=<.01 P=<.Ol 
Desert vs 3.54 
Non-robust ·p=<.01 
Robust VS 7.13 5.13 0.84 6.55 6. 45. 1.80 
Non-robust P=<.01 P•<.Ol P•<.Ol P=-<.Ol N \0 
TABLE 7. Statistics of desert and non-desert vegetative traits at the fourth node of field· samples from the 
Abronia villosa complex from southern California and Arizona. 
Habit and 
habitat 
Small leaf measurements 
~mm.~ 
Large leaf measurements 
~mm-2 
Distance 
between third 
group and fourth 
Width Length Petiole Width Length Petiole nodes (mm.) 
n x SD n x SD n x SD n x SD n x SD n x SD n x SD 
Desert 97 10.0 3.8 97 11.0 4.2 ·92 6.6 3.7 91 13 .. 3 5.5 91 20.6 6.4 93 13.7 6.6 113 36.0 19.2 
Non-desert 31 18.0 6.2 30 16.3 4.9 31 5.1 2.5 31 22.8 8.9 31 28.6 9.7 31 13.1 6.7 31 31. 9 14.5 
Robust 2021.54.7 19 19.0 3.8 20 5.5 3.0 20 27 . 6 7.3 20 33.7 7.1 20 15.6 7.1 20 35.1 15.5 
Non-robust 11 11.6 1.7 11 11.7 2.1 ·11 4.2 0.8 11 ·14.0 1. 7 11 17.8 3.0 11 8.6 1.6 11 26.3 10.7 
Habit and 
habitat 
comparisons 
t t t t t 
,, 
t t 
Desert VS 
Non-desert 
8.57 
P=<.Ol 
5.83 
P=<.Ol 
2.14 
P=(.05 
6.90 
P=<.01 
4.82 
P=<.01 
0.45 0.90 
Desert vs 
Robust 
11.67 
P=<.01 
6.31 
P•<.01 
1.19 9.37 
P=<.Ol 
8.05 
P=<. 01 
1.14 0.04 
Desert vs 
Non-robust 
2.53 
P=<. 05 
1.55 
Robust VS 
Non-robust 
6.48 
P=<.01 
5.54 
P=<.Ol 
1.39 5.88 
Pa<.01 
6.84 
pa(.01 
3.10 
P•<.01 
1.62 
w 
0 
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Fig. 4. Comparative distribution of leaf blade 
sizes at the fourth node for eighteen sample populations 
of the Abronia villosa complex from southern California 
and Arizona. Size groups are based on mean values in 
Table 5. 
Small leaf blade: 
width--open 7-lOmm, lined ll-15mm, solid 19-24mm and 
length--open 8-lOmm, lined ll-16mm, solid 17-2lmm 
Large leaf blade: 
width--open ll-13mm, lined 14-19mm, solid 24-3lrnrn and 
length--open 16-20rnm, lined 21-27rnrn, solid 30-38mm 
------
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Tables 6 and ·7). Blades of the non-robust plant forms 
were similar in size to the smaller blades found in the 
desert populations, whereas, leaves of the robust forms 
were much larger. (Tables 4-7; Fig. 4). 
In many populations the leaf blade of the small leaf 
at each node was as wide or wider than it was long 
(Table 8). Only in A. villosa populations of the 
Coachella Valley was the blade length of the small leaf 
consistently greater than its width. 
Ratios were ~alculated between leaf pair size at the 
third node and their distance ·from the stem apex, and, 
between leaf pair size at the fourth node and the third 
and fourth internode distance (Table 9). Note that as 
the ratio value increases in Table 9, the size of the 
leaf pairs decrease relative to the position of the pairs 
on the stem. Leaves were found to be smallest relative to 
their position on the stem in populations along the base 
of the eastern slopes of the San Bernardino and Little San 
Bernardino Mountains. They are largest relative to 
position on the stem in the Hemet and Garner Valley 
populations (Fig. 5). 
Petiole length varies somewhat among populations and 
tends to be shorter in the non-desert populations (Tables 
4-7). Petiole length relative to the length of its cor­
responding leaf blade shows a definite pattern (Table 10). 
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TABLE 8 • . Ratios of leaf blade siz e for eighteen popula­
tions of the Abroni a v il los a compl e x from southern 
California and Ariz o n a . 
Leaf b lade len gtha 
Population Leaf blade width 
location 
Third node leaf pair Fourth node leaf pair 
Small Lar g e Small Large 
West Shore Salton Sea 
Anza Borrego 
Ocotillo Wells 
Palm Springs 
Thousand Palms 
Mecca 
Yucca Valley 
Lucerne Valley 
Adelanto 
Baker 
Topock 
Desert Center 
Holtville 
Westside Canal 
Coyote Wells 
Hemet (Robust) 
Hemet (Non-robust) 
San Jacinto River 
(Non-robust) 
1.3 
1.2 1.8 
1.3 1.9 
1. 25 . 1.5 
1.4 1.6 
1.1 1.5 
1.1 1.7 
1.0 1.6 
1.0 1.3 
1.2 1.4 
1.3 1.7 
0.9 1.4 
1.0 1.3 
1.0 1.4 
1.0 1.3 
1.2 
1.3 
1.3 
1.2 
1.2 
o.8 
1.1 
1.0 
0.9 
1.1 
1. 2 
0.9 
1.0 
1.0 
1.0 
1.8 
1.6 
1.4 
2.0 
1.3 
1.3 
1.4 
1.5 
1.3 
1.3 
1.3 
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TABLE 8. continued 
Population A. B. c. D. 
Garner Valley 0.9 1. 3 0.9 1.2 
a. All calculations based on mean values from 
Tables 4 and 5. 
b. Populations were combined due to closeness of 
their location and small sample size. 
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TABLE 9. Leaf blade size relative to position on stem 
for eighteen populations of the Abr6nia Villosa complex 
from southern California and Arizona. 
Ratios a 
Population 
location Leaf blade size relative to position 
on stem at 
Third nodeb Fourth nodec 
West Shore Salton Sea 
Anza Borrego 
Ocotillo Wells 
Palm Springs 
Thousand Palms 
Mecca 
Yucca Valley 
Lucerne Valley 
Adelanto 
Baker 
Topock 
Desert Center 
Holtville 
Westside Canal 
Coyote Wells 
Hemet (Robust) 
Hemet (Non-robust) 
San Jacinto River 
(Robust) 
6.8 
6.3 
9.1 
8.8 
9.8 
8.4 
7.5 
8.4 
4.8 
5.2 
3.8 
5.5 
1. 7 
3.7 
4.3 
5.2 
4.4 
4.4 
6.2 
6.9 
3.6 
6.o 
4.7 
4.6 
3.4 
3.8 
2.3 
3.8 
1. 3 
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TABLE 9. continued 
Population A. B. 
San Jacinto River 
(Non-robust) 2.8 
Garner Valley 2.0 
a. All calculations based on values from Tables 
4 and 5. 
b. Mean distance from third node to stem apex/mean 
small leaf blade length plus mean distance from third node 
to stem apex/mean large leaf blade length. 
c. Mean distance between third and fourth nodes/mean 
small leaf blade length plus mean distance between third 
and fourth nodes/mean large leaf blade length. 
d. Populations were combined due to closeness of 
their locations and small sample size. 
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Fig. 5. Comparative distribution of leaf pair sizes 
relative to their position on the stem for eighteen 
populations of the Abronia villosa complex from southern 
California and Arizona. Size groups are based on ratios 
from Table 9. 
Leaf pair size at the third node relative to distance from 

stem apex. 

open~ 1.7-2.8; lined, 3.7-6.8; solid, 7.5-9.8. 

Leaf pair size at the fourth node relative to distance 

between third and fourth nodes. 

open, · ~l.3-3.8; lined, 4.4-4.7; solid, 6.0-6.9. 
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TABLE 10. Ratios for mean leaf blade length relative to 
mean corresponding petiole length for eighteen populations 
of the Abronia villosa complex from southern California 
and Arizona. 
Leaf blade length a 
Population Corresponding Petiole length 
location Third node leaf pair 
Small Large 
Fourth node 
Small 
leaf pair 
Large 
West Shore Salton Sea 1. 8 1. 5 1. 7 1. 6 
Anza Borrego 
1. 6 1. 4 1. 4 • 4 rOcotillo Wells 
Palm Springs 2.0 1. 9 1. 7 1.8 
Thousand Palms 
1.8 1.5 1. 6 1.5rMecca 
Y\lcca Valley 2.0 1.6 2.1 1.7 
Lucerne Valley 1. 8 1. 8 1.7 1.4 
Adelanto 1. 6 1.4 1.7 1. 6 
Baker 1. 3 1.3 1.8 1. 3 
Topock 1.7 1. 6 1. 6 1. 4 
Desert Center 2.2 2.0 2.0 1. 6 
Holtville 2.0 1. 8 1. 7 1. 7. 
Westside Canal }b 2.2 2.0 1. 8 1.9 
Coyote Wells 
Hemet (Robust) 5.0 4.2 4.7 3.0 
Hemet (Non-robust) 2.5 2.1 3.0 2.2 
41 
TABLE 10. continued 
Population A. B. c. D. 
San Jacinto River 
(Robust) 3.5 3.0 3.4 2.4 
San Jacinto River 
(Non-robust) 3.0 2.5 3.0 2.0 
Garner Valley 3.4 . 2.5 3.0 
a. All calculations based on mean values fr~m 
Tables 4 and 5. 
b. Populations were combined due to closeness of 
their location. 
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In the non-desert populations the small leaf blade at 
each node tends to be over three times longer than its 
petiole. In the desert populations for both the small and 
large leaves, leaf blades average only one and a half to 
two times the length of their corresponding petioles. 
Between the two growth forms, in the Hemet Valley, there 
are distinctive differences in petiole length relative to 
leaf blade length for both the large and small leaves. 
Plant habit of the eastern populations is generally 
less procumbent than that of western populations. The 
plants from the eastern populations have only a few main 
stems growing from a central point. These main stems 
produce few branches and attain only a few decimeters in 
length. Plants from populations along the base of the 
eastern slope of the San Bernardino Mountains and from 
the Coachella Valley to Anza Borrego generally produce 
several main stems and reach lengths up to a meter. 
The two growth forms found in the Hemet and Garner 
Valleys were especially interesting. The main stems in 
both forms extend up to two meters. The main stems of 
the non-robust plants were not as profusely branched as 
were those of the robust plants. Leaves ·toward the 
center of the non-robust plants were much smaller than 
those developed toward the center of the robust plants. 
Stems of robust plants were twice the diameter or more 
of that found for stems of non-robust plants. 
Results from chromosome squashes did not reveal as 
much as expected. Because the small chromosomes did not 
spread out well they were extremely difficult to count. 
One of the better preparations that turned out well 
enough to show general chromosome morphology is seen in 
Figure 6. Chromosome counts from all populations studied 
ranged from a 2n of 42 to 47 (Table 11). An exact chromo­
some count was not obtained but the chromosome number for 
the species is probably 44 or 46. 
The chromosome numbers observed in this study differ 
from the nwnber listed for A. villosa var. aurita in 
Munz (1974). The haploid number listed for A. villosa 
var. aurita is 45. No number is listed for A. villosa 
var. villosa. Although the findings of this study in­
dicated no polyploidy for this species, they do not rule 
out the possibility of aneuploidy. 
If aneuploidy or possibly even polyploidy has 
occurred within the species, it may have occurred in the 
non-desert populations as suggested by consistent size 
differences between the two growth forms within the non~ 
desert populations, as well as between non-desert and 
desert plants. 
Anthocarp size as well as degree of pitting was 
highly variable among the populations sampled 
Fig. 6. Chromosome squash preparation of an 
Abronia villosa var. villosa seed1ing root tip germin­
ated from seeds collected at Razor Road near Baker, 
California. X 1566. 
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TABLE 11. Ch~omosome counts taken from root tip squashes 
of five populations representative of the Abronia villosa 
complex from southern California and Arizona. 
------·----~-------------
Population Chromosome 
location Counts 
(2n) 
Anza Borrego 47 
Desert Center 34 
46 
47 
Coyote Wells 42 
Topock 43 
46 
Hemet 45 
44 
47 
(Table 12; Fig. 7). However, these size and pitting 
variables were too random to be used for grouping of 
populations into regional entities, 
.Figure 8 shows representative pollen grains for the 
eastern and southern populations, central populations and 
the western populations of Hemet Valley and Garner Valley. 
Lumina (spaces between the reticulum of the pollen sexine) 
tend to be slightly larger in pollen found in the eastern 
and central populations. Apertures in pollen grains from 
western non-desert populations appeared to be better devel­
oped, their colpate structure was more pronounced. Some 
pollen grains having a tighter reticulum resulting in 
smaller lumina with extremely well developed apertures 
were found in the Garner Valley,Hemet and Anza Borrego 
populations (Fig. 9). How much of the total pollen is 
represented by this pattern cannot be determined at this 
time, although this form appears to make up only a small 
portion of the total. Pollen in populations studied 
averaged around 46~in diameter (Table 13). The only 
exceptions were found in Thousand Palms (49~) and 
Baker (4lp). 
Between 85% and 95% pollen viability was observed in 
all but two populations (Table 14). Only in Topock (71%) 
and Garner Valley (76%) were the percentages of viable 
pollen somewhat lower. 
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TABLE 12. Evaluation of anthocarp body pitting for 
eighteen populations of the Abronia villosa complex from 
southern California and Arizona. 
Population Percent occurrence Eer Eo;.eulation 
location 
None a Slightb Mediumb ExtensiveC 
West Shore Salton Sea 0 29% 50% 21% 
Anza Borrego 0 32% 52% 16% 
Ocotillo Wells 0 0 43% 57% 
I , 	 Palm Springs 0 25% 69% 6% 
Thousand Palms 7% 26% 45% 22% 
Mecca 6% 23% 18% 53% 
Moron go Valley 6% 6% 82% 6% 
Yucca Valley 8% 38% 54% 0 
Lucerne Valley 25% 75% 0 0 
Adelanto 0 5% 69% 26% 
Baker 0 0 28% 72% 
Topock 0 0 60% 40% 
Desert Center 0 0 71% 29% 
Holtville 	 0 0 36% 64% 
Westside Canal 	 0 24% 36% 40% 
Hemet 	 0 41% 59% 0 
San Jacinto River 0 24% 76% 0 
Garner 	Valley 0 86% 14% 0 
49 
TABLE 12. continued 
a. None represents no pitting. 
b. Slight and medium pitting are two degrees of a 
more or less rugose condition. 
c. Extensive represents a true pitting. 
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Fig. 7. Trichomes, pitting, and wing and body 
dimensions of anthocarps for eighteen populations of the 
Abronia villosa complex from southern California and 
Arizona. No less than 25 anthocarps were evaluated for 
each population. 
1. Adelanto. 2. Anza Borrego. 3. ·Baker. 4. Desert Center. 
5. Garner Valley. 6. Hemet. 1. Hoitville. 8. Lucerne 
Valley. 9. Mecca. 10. Morongo Valley. 11. Ocotillo Wells. 
12. Palm Sp r ings. 13. San Jacinto River. 14. Thousand 
Palms. 15. Topock. 16. Westside Canal. 17. West Shore 
Salton Sea. 18. Yucca Valley. 
Pitting pattern (horizontal bars): 

Two bars~ slight; four bars, medium rugose; six bars, 

extensive. 

Trichome density (diagonal lines): 

Zero, no trichomes; two lines, slight villous; four, 

medium villous; six, extensive villous. 
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Fig. 8. Scanning electron micrograph of represent­
ative pollen grains of the Abronia villosa complex. 
A. Garner Valley, X 1740. B. Hemet, X 1800. 
C. Thousand Palms, X 1700, D. Baker,X 1700. 
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Fig.9.Photornicrograph of an atypical pollen 
exine pattern observed to occur in the Hemet, Garner 
Valley and Anza Borrego populations. Garner Valley, 
California. X 3750. 
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TABLE 13. Arithmetic mean of pollen grain diameters 
measured in microns for eleven populations of the Ab~onia 
villosa complex from southern California and Arizona. 
Population Mean 
location diameter 
Anza Borrego 
Ocotillo Wells 
Thousand Palms 
Baker 
Topock 
Desert Center 
Holtville 
Coyote Wells 
Hemet 
San Jacinto River 
Garner Valley 
44 
46 
49 
41 
48 
47 
47 
48 . 
44 
44 
46 
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TABLE 14. Mean percent viable p ollen and seed development 
and percent seed germination for nineteen populations of 
the Abronia villo~~ complex fro m southern California and 
Arizona. 
Percent seeds per fully 
Population developed anthocarps 
location Percent 
viable Devel­
~~~~~~~~~---p_o_l_l~e_n~_L_a_c_k~i_n~a Aborted oped 
West Shore Salton Sea 31 23 46 
Anza Borrego 91 38 33 . 29 
Ocotillo Wells 90 · 14 0 85 
• 	 Palm Springs 97 31 38 31 
Thousand Palms 13 21 66 
Mecca 41 24 35 
Morongo Valley 96 18 0 82 
Yucca Valley 93 11 0 89 
Lucerne Valley 97 
Adelanto 87 23 1~1 30 
Baker 81 0 5 95 
Topock 92 5 20 75 
Desert Center · 93 29 29 43 
Holtville 71 0 0 100 
Westside Canal 0 8 92 
Coyote Wells 86 
Hemet 86 26 67 11 
Percent 
germi­
nation 
11 
9 
9 
3 
21 
6 
15 
3 
36 
San Jacinto River 91 26 13 61 
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TABLE 14. continued 
Population A. B. c. D. E. 
Garner Valley 76 0 0 100 50 
a. Norma l condition is one seed "fruit" per 
anthocarp. 
The highest percentage of anthocarps with fully 
developed seeds, over-all, were found in the eastern and 
southern populations (Table 14). These populations also 
had the lowest percentage of anthocarps with seeds lacking. 
Central and western populations were found to have the 
lowest over-all percentage of fully developed seeds. 
Interestingly, Coachella Valley populations were found to 
have the largest percentage of anthocarps which lacked 
seeds entirely. The highest percentage of abortive seeds 
was observed in Hemet populations, but, over-all the 
highest percentage of abortive seeds was found in 
· populations from the Coachella Valley. 
Germination in petri dishes in the laboratory showed 
that non~desert plants had the highest percent germination 
(Table 14), and that desert plants had the lowest percent 
germination. 
Only 11 plants developed to maturity in greenhouse 
experiments (Table 15). Eight were from the Hemet Valley 
populations and one each from Garner Valley, Thousand 
Palms and Anza Borrego. 
Soil samples indicated that all populations sampled 
were growing on decomposed granite. Most soils contained 
70% to 80% quartz and 30% t9 20% orthoclase, mica, horn­
blend and muscovite with other minerals in lesser 
amounts (Table 16). Soil pH ranged from 5.8 to 7.8 
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TABLE 15. Germination and survival records of greenhouse 
grown plants from ten populations of the Abronia ·villosa 
complex from southern California. 
Population 
location 
Seeds 
planted 
Number 
Seeds 
Germinated 
Plants 
survived 
West Shore Salton Sea 20 0 0 
Anza Borrego 20 2 1 
Thousand Palms 20 2 1 
Baker 20 1 0 
Desert Center 20 0 0 
Westside Canal 20 0 0 
Coyote 
Hemet 
Wells 20 
20 
1 
4 
0 
3 
San Jacinto River 20 5 4 
Garner Valley 20 4 1 
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TABLE 16. Soil data from samples collected at represent­
ative sites within the range of the Abronia villosa com­
plex from southern California. 
Population Percent 
location pH N03 lb/acre Quartz 
West Shore Salton Sea 7.4 30 80 
Anza Borrego 6.4 40 75 
Palm Springs 7.8 80 
Thousand Palms 6.2 30 80 
Yucca Valley 5.8 30 75 
Adelanto 7.4 30 Bo 
Baker 7.2 10 70 
Hemet 5. 8' 10 60 
Garner Valley 6.8 40 60 
62 · . 

showing tolerance to only slightly saline and alkaline 
soils. Soils sampled from the de s ert were both acidic and · 
basic while soils from the non-desert areas were all 
slightly acidic. Nitra~e-nitrogen was found to range 
from 30 to 40 pounds per acre in most areas while only 
10 pounds per acre were recorded for Hemet and Baker 
(Table 16). 
DISCUSSION 
According to Munz and Keck (1959), Abrams (1944) 
Jepson (1922) and Galloway (1975), the range for~ 
villosa var. aurita is from the head of the Coachella 
Valley, including Palm Springs and Thousand Palms, west 
through Riverside, Orange and San Diego Counties. These 
boundaries are rather ambiguous because the range could 
include populations from Anza Borrego Desert to Morongo 
Valley. Galloway (1975) includes the southwestern corner 
of the Mojave Desert as well, whereas, ~ villosa var. 
villosa has a range including ·Mojave and Colorado Deserts 
in southwestern Nevada, Arizona, southern California and 
northern Mexico. 
Soil studies support the findings of Wilson (1972). 
Plants of all populations were found growing next to or on 
low sand dunes as well as waste areas of loose, large 
grained, deep soils. The soil is of decomposed granite 
with over 60% quartz. All populations were found in areas 
where there was a build-up of these soils as a result of 
wind and/or water erosion. Therefore, they tend to be 
restricted to growing on flat areas such as flood plains 
or valleys. 
Preliminary pollen exine morphology study indicated 
that a different pollen exine pattern occurred in plants 
from Anza Borrego, Garner Valley and Hemet (Fig. 9) than 
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observed in any other of the populations studied. The 
exine reticulum pattern in the genus Abronia, at the 
species level, is considered too variable to use as 
a ta~onomic tool (Nowicke 1970). However, it was thought 
that the pattern present in these populations may be 
consistently different from exine patterns found in the 
other populations of the species. Unfortunately, after a 
more complete investigation, this exine pattern was found 
not to be representative of the Hemet, Garner Valley and 
Anza Borrego populations. While the limited pollen data 
available may be construed as supporting Nowicke, further 
study is necessary. 
Differences observed in degree of aperture development 
among ~ villosa populations may result from variable 
thicknesses in the sexine layer (Fig. 8). Sexine depth 
is so variable among Abronia species (Nowicke 1970) that 
it is most likely not of taxonomic _value especially at 
the subspecies level. However, the varying degrees of 
aperture development present in A. villosa populations 
form a definite pattern within the species. The pollen 
with small lumina have the most developed apertures. 
Criteria used by Galloway (1975) for the designation 
of the two varieties included location and floral and 
vegetative size differences while Munz and Keck (1959), 
Abrams (1944) and Jepson (1922) used floral and fruit 
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differences. According to Munz and Keck (1959), Abrams 
(1944) and Jepson (1922) in ~ villosa var. villosa the 
perianth length ranges from 12mm to 16mm and the antho­
carps are very rugose to pitted, while within the var. 
aurita the anthocarp body is not rugose but almost smooth. 
The perianth is over 16mm long. Galloway (1975), on the 
other hand, found the perianth to be lOmm to 20mm in 
~ villosa var. villosa and from 20mm to 35mm long in the 
var. aurita. My observations indicate that all other 
characteristics are extremely overlapping to the point 
of being relatively insignificant. 
These earlier descriptions are inconsistent with the 
findings of this study for the variety ~ villosa var. 
aurita. Perianth lengths taken from .desert populations 
listed in the var. aurita are, for the most part, between 
12mm to 16mm, rarely reaching 9mm or 19mm at the extremes. 
The more eastern and southern populations listed within 
~r. villosa contain perianths which range mostly between 
lOmm and 14mm in length. The vegetative characteristics 
listed by Galloway (1975) are consistent with those of the 
var. villosa. Anthocarps throughout the species range 
are definitely rugose to some extent but only more pro­
minently rugose in the more eastern and southern 
populations. However, the rugose condition was found in 
varying degrees in all populations studied. 
Non-desert populations from Hemet and Garner Valleys 
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were found to contain morphologically larger individuals 
than the desert populations (Tables 1 and 3-7; Figs. 2-4). 
The non-desert populations were found to be consistently 
alike in most morphological comparisons (Figs. 2-5). The 
morphological differences found among desert populations 
were not as distinct as those found between desert and 
non-desert populations (Tables 1 and 3-7). 
Moisture may play a large part in plant size 
differences between desert and non-desert populations. 
Larger plant size in non-desert populations may result 
from greater annual precipitation. According to the San 
Bernardino County Flood Control and the Riverside 
County Flood Control records, the annual rainfall for 
desert areas averages less than four · inches per year, 
except the Morongo Valley (seven inches), while Hemet 
receives just over ten inches per year and the Garner 
Valley much more. 
Aside from morphological size differences, life 
cycle stages and patterns in time and space reflect the 
importance of moisture availability. Flowering, across 
the species range, generally begins in early spring. By 
the first of July desert populations have generally died 
out and dried up, whereas non-desert plants have been 
observed still flowering as late as November. Higher rain­
fall in some years may allow the non-desert plants to bloom 
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until the first freeze in late fall. 
Greater percent seed germination among non-desert 
populations may indicate different natural seed germination 
requirements be tween non-desert s~eds and the sBeds from 
desert populations. Galloway (1975) · obtained a high per­
cent germination of Abronia. seeds when he treated them 
with bleach and water. The procedure used in this study 
was water leaching only. From this it can be deduced 
that a greater leaching is required for successful desert 
germination while it may not be necessary for non-desert 
plants. 
One of the more significant aspects of this study is 
the discovery of two vegetative growth forms of ~ 
villosa in Hemet and Garner Valleys. The robust form 
h~s very large dark green leaves with very thick profusely 
branched stems. The non~robust form has much smaller 
yellowish green leaves. The main stems are thin and not 
profusely branched. Only the much longer main stem of the 
non-robust plants separate them from the desert plant 
populations. The robust forms with the large leaves and 
thick profusely branched main stems are much more distinct. 
In early June most of the non-robust plants appeared 
to be near the end of flowering. Very few fully developed 
flowers were observed and even fewer buds. However, there 
were extremely large numbers of inflorescences filled with 
fully developed ~nthocarps. At the same time robust forms 
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had numerous buds in all stages of development and large 
numbers of inflorescences with fully developed flowers. 
Only a very small number of mature anthocarps were found. 
These two forms appear to differ in the time each begins to 
flower. As a result the robust plants may continue flower­
ing later into the summer and fall than the non-robust 
forms. 
The robust plants tend to do better than non-robust 
plants in areas where moisture is more available. In 
Hemet, where moisture was restricted, the two forms tended 
to be equal in number. In the San Jacinto River bottom, 
where more moisture is available, the robust forms out­
number the smaller forms by four to one. Interestingly, 
only the robust form was found growing in the very moist 
Garner Valley. 
In greenhouse experiments more robust than non-robust 
plants survived. This selection perhaps was the result of 
the watering program in which the soil remained constantly 
moist. 
Criteria other than morphological differences may now 
be suggested for the separation of ~ villosa var. aurita 
from A. villosa var. villosa. If there are significant 
enough geographic barriers that halt or highly restrict 
gene flow between populations then the rank variety may be 
justified. Such a situation may exist between desert and 
non-desert populations of A. villosa. The San Jacinto 
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Mountains south through the mountains behind Anza Borrego 
Desert were surveyed for habitats suitable for A. villosa 
growth that would allow gene flow between these desert and 
non~desert populations. None were found. Only a mountain­
ous condition, heavy vegetation cover and unsuitable soil 
types were observed. The closest population to the desert 
was in Garner Valley. Miles of chaparral, Juniper Pinyon 
Woodlands, insufficient soil types and high mountains serve 
as a barrier to gene flow between the Garner Valley and 
desert populations. The only other area where suitable 
habitats may allow gene flow to occur between non-desert 
and desert populations could be in the Cabazon and Banning 
area. However, mountains, agriculture - which may have 
destroyed the natural habitats - and wind conditions at 
critical times of the year may inhibit gene flow. Even 
though desert and non-desert populations may be 100% 
interfertile, reduced or no gene flow between them would 
constitute reproductive isolation; these constitute 
sufficient criteria for the designation of a variety. 
(Salthe, 1972;and Solbrig,1970). 
Different perianth lengths between desert and non­
desert populations suggest some degree of reproductive 
isolation. Pollinators successfully working the shorter 
desert flowers may not successfully work the longer non­
desert flowers. Even though the pollinators of non-desert 
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plants may be successful in working desert plants the 
harsher climate may restrict their activity. Likewise 
desert pollinators may be restricted in their ability to 
reach the higher elevations. 
Staggered flowering periods may also function as a 
partial barrier to gene flow. Especially since there is up 
to four months of flowering time in non-desert populations 
during which gene flow could not occur with desert popula­
tions. The robust plants of the non-desert populations may 
come into flowering at a later time than other populations 
causing even less of an overlap in flowering periods. 
Two habitat types were identified, e.g., desert and 
non-desert. All desert populations are considered to be 
similar ecotypes, yet, intergrade morphologically across 
the species range. Therefore, the following populations 
classification is designated for the ·!l:_ villosa complex 
in accordance with Grant's (1963) system of population 
classification. According to this study, all desert pop­
ulations represent at least contiguous geographical races 
interbreeding freely across the species range and at most 
disjunct geographic races interbreeding on a restricted 
scale. The major centers of these geographic races are in 
the Coachella Valley, Color~do Desert, central to eastern 
Mojave Desert and the western Mojave Desert along the base 
of the eastern slope of the San Bernardino Mountains 
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(Figs. 2-5). 
Although the non-desert populations were not shown to 
be intrinsically reproductively isolated, they are repro­
ductively isolated as a result of geographic barriers and 
are somewhat morphologically distinct from desert 
populations. Non-desert and desert populations should be 
considered to be at least disjunct geographic races and at 
most allopatric semi-species of the ~ villosa complex 
that are apparently not interbreeding. 
Therefore, I propose that all desert populations 
of A. villosa var. aurita should be placed into the var. 
villosa leaving the non-desert populations as representa­
tives of the var. aurita. 
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